In the present study, we evaluated the antibacterial activity in the leaf extracts of Mentha piperita L. against pathogenic bacteria like Bacillus subtilis, Pseudomonas aureus, Pseudomonas aerogenosa, Serratia marcesens and Streptococcus aureus. The aqueous as well as organic extracts of the leaves were found to posses strong antibacterial activity against a range of pathogenic bacteria as revealed by in vitro agar well diffusion method. The ethyl acetate leaf extract of Mentha piperita showed pronounced inhibition than chloroform, petroleum ether and water, leaf extracts being more on Bacillus subtilis, Pseudomonas aerogenosa than Streptococcus aureus, Pseudomonas aureus and Serratia marcesens.
INTRODUCTION
Higher and aromatics plants have traditionally been used in folk medicine as well as to extend the shelf life of foods, showing inhibition against bacteria, fungi and yeasts (Hulin et al., 1998) . Mentha piperita L. (peppermint) is a medicinally important plant that belongs to the family Labiate (Kirethekar and Basu, 1985) . Peppermint is a nonnative herbaceous plant, it is a perennial, which can reach 100 cm in height (40 inches) has four-sided stem. The leaves are stalked opposite and toothed. The flower are irregular in shape, they are pinkish or purplish (Clark and Menory, 1980) . Peppermint leaves contains about 0.5-4 % volatile oil that is composed of 50-78 % free menthol, monoterpene, menthofurane and traces of jasmine (0.15 %) to improve the oils quality remarkably (Dew and Evans, 1984) . Peppermint is largely cultivated in Indiana, Mexican and California for the production of peppermint oil. Peppermint oil or peppermint tea is often used to treat gas and indigestion; it may also increase the flow of bile from the gall bladder Mimica et al. (2003) and Forster (1996) . Peppermint oils relaxing action also extended to tropical use, when applied tropically it acts as counterirritant and analgesic with the ability to reduce pain and improve blood flow to the affected area. Peppermint oil and menthol have moderate antibacterial effects against both gram-positive and gram negative bacteria Diaz et al. (1988) . Peppermint extracts are bacteriostatic against Streptococcus pyrogens, Streptococcus aureus, Streptococcus pyrogens, Serratia marcescens, E.coli and Mycobacterium avium (Gotshall, 1949) . Peppermint is also found to have antiviral and fungicidal activity (Chaumont and Senet, 1978) . Menthol is virucidal against influenza, herpes and other viruses. Aqueous extracts of peppermint leaves were antiviral against influenza A, newcastle disease virus in egg and cell culture system Hirobe (1994) and Alkofahi et al. (1990) . Menthol and peppermint oil are fungicidal against Candida albicans, Aspergillus albus and Dermatophytic fungi. However, to the best of our knowledge, no serious efforts have been made to test the antibacterial properties of Mentha piperita so far. In the present study we established antimicrobial activity of Mentha piperita against pathogenic bacteria. The study confirms that both aqueous as well as organic solvent leaf extracts possess strong antibacterial properties against various pathogens viz., Bacillus substillus, Pseudomonas aureus, Pseudomonas aerogenosa, Serratia marcesens and Streptococcus aureus.
MATERIALS AND METHODS

Preparation of leaf extracts
Apparently healthy plants were collected, washed thoroughly in tap water and dried at dark room temperature for 15 days. The leaves was powdered and extracted following the published procedure with slight modification as standardized in our lab Alade and Irobi, (1993) ; Essawi and Srour (2000) . The powdered material was soaked in petroleum ether, chloroform, ethyl acetate, ethanol, methanol and water by keeping it in a shaker for 3 days. The extracts were filtered through cheesecloth and the extracts were reduced to 10 % of its original volume. The filtrate organic solvents were concentrated in vacuum using a rotary evaporator, while aqueous extracts were dried using water bath.
Separation of the compounds
The menthol present in Mentha piperita leaf extracts were analysed for qualitative by using thin layer chromatography which is commercially available TLC, aluminum sheets with silica gel 60F 254 were used. The isolation separation of menthol was done by using the procedure of Stahl (1964).
Inoculums
The test microorganisms Bacillus substillus, Pseudomonas aureus, Pseudomonas aerogenosa, Serratia marcesens and Streptococcus aureus were obtained from culture repository of Best Biotech culture collection, Bangalore, India. The organisms were inoculated onto NB (Nutrient Broth), (0.5 % Peptone, 0.5 % Sodium Chloride, 0.15 % Yeast extract; pH 7.4) and incubated at 37 ºC for overnight. The bacterial cells were harvested by centrifuging at 5000g for 15 min. The pellet formed was washed twice with PBS (Phosphate Buffer Saline), (10 mM Sodium Chloride, pH 7.4) and the cells were counted by haemocytometer. The bacterial cells were diluted to approximately 10 5 CFU/ml before use (Owais et al., 2005) .
Determination of antibacterial activity:
The antibacterial activity of the leaf extracts was determined using agar well diffusion method following published procedure with slight modification (Perez et al. 1990 ). Nutrient agar was inoculated with the given microorganisms by spreading the bacterial inoculums on the media. Wells (8 mm diameter) were punched in the agar and filled with plant extracts. Control wells containing neat solvents (negative control) or standard antibiotic solution (positive control) viz., Chloromphenicol (100 µg/ml) were also run parallel in the same plate (Valsaraj et al., 1997) . The plates were incubated at 37 ºC for 18 h. The antibacterial activity was assessed by measuring the diameter of the zone of inhibition for the respective drug. The relative antibacterial potency of the given preparation was calculated by comparing its zone of inhibition with that of the standard drugs viz., Choloramphenicol.
Statistical analysis
The resultant clear zones around the discs were measured in mm. The antibacterial activity of plant extracts were indicated by clear zones of growth inhibition. Five replicates were maintained for each treatment. The data were subjected to statistical analysis as per the method of Gomez and Gomez (Gomez and Gomez, 1976) .
RESULTS
We used both polar as well as non-polar solvents for the extraction of active components from the leaves of Mentha piperita plant. The antibacterial activity of the Mentha piperita was assessed using the agar well diffusion method by measuring the diameter of growth inhibition zones and its subsequent concentration was tabulated (Table. 1 ). The results shown in (Table 1 and Figure 1 ) indicate that the aqueous and polar solvent extracts possessed strong antibacterial activity. In ethyl acetate, chloroform and water the highest antibacterial activity was retained in 50 µl and 100 µl concentration of leaf extracts. We found that both aqueous as well as ethyl acetate extracts of leaves were successful in killing the bacteria in a dose dependent manner. The MIC (Minimal inhibitory Concentration) for the aqueous extracts was found out to be 10 mg/ml for Bacillus substillis and Pseudomonas aerogenosa. While Serratia marcesens and Streptococcus aureus required about 0.25 mg/ml of the crude extract for effective killing. On the other hand Pseudomonas aureus was inhibited at the dose of 0.35 mg/ml of the crude extract. The zone of inhibition assay results demonstrated that the ~8 mg of crude leaf extract was able to produce same effect as that of 20 µg of Choloromphenicol (data not shown). Beside the 50 µl concentration of leaf extracts, the 100 µl concentration of leaf extracts was found to possess maximum inhibition, although, overall potency was about half to that of the 50 µl concentration of leaf extracts. (Table 1 and Figure 1 ,2). Upon chemical analysis, the extracts were found to possess glycosides and alkaloids. The extracts were found to be rich in menthol compound as revealed by specific assay. The presence of menthol was further confirmed by thin layer chromatogram, which showed presence of green fluorescent spots in the extracts of chloroform (Figure 3 ). The ethyl acetate extracts had very large zones of inhibition ranging from 9 mm and it also showed high degree of inhibition against 
DISCUSSION
We used both the aqueous and polar solvents for the extraction of active components from leaves of the plant. The result of the study reveals that an aqueous and polar solvent was actively against the strains of the bacteria that are common cause of infections. Mentha piperita shows significant activity as because the leaf contains many potent compounds such as menthol, menthone, menthyl acetate, menthofuran, and limnone (Fleming, 1998) . These compounds have higher medicinal value especially in the treatment of dyspepsia, epigastric bloating, impaired digestion, eructions, and flatulence, tropically used to relieve nasal congestion in the common cold and itch relieving used as tropic protective agents Alkofahi et al. (1990) . The biologically active compounds are screened by dissolving the crude powder on various solvents respective to the solubility of the compound specific solvents confirmed by the TLC (data not shown). The antibacterial activity was expressed at varying degrees with the activity being both strain and dose dependent .The various crude extracts of Mentha piperita showed significant activity against all the bacteria tested. Similar to our result, the biological activity of Mentha piperita against the pathogenic bacteria were reported by (Deans and Baratta, 1998) . Based on that, we used the three different solvent extracts of leaves of Mentha piperita showed activity against all bacteria at all dosages. The leaf extracts of Mentha piperita exhibited antibacterial activity only in ethyl acetate, petroleum ether, choloroform, menthanol and aqueous extracts against the bacteria tested in agar well diffusion method at 50 µl -100 µl concentration by the following method of Valsaraj et al. (1997) . We observed maximum activity at 100 µl concentration against Pseudomonas aerogenosa, Streptococcus aureus, Bacillus subtilis than Serratia marcesens and Pseudomonas aureus.The present reports indicates that increased lipophillic compounds are extracted using the petroleum ether, chloroform and methanol increased the suspended higher compounds in the above solvents as stated by Tomas et al. (1988) . We subjected the leaf extracts of different solvents to thin layer chromatography and column chromatography to identify the compounds dissolved in the solvents and quantifies the compounds using spectrophotometer techniques followed by the previous work (Essawi and Srour, 2000) . The present work was similar to (Deans and Baratta, 1998) 
